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Introduction
Estradiol is widely applied for the prevention of
health problems in menopausal and postmenopausal
women, due to ovarian hormone deficiency (1). Meno-
pause, as a natural event in women, and oophorecto-
my represents one of risk factors for the development
of osteoporosis and reduced serum levels of estradiol,
testosterone and dehydroepiandrosterone were found
in both events (2). Because ovariectomy (Ovx) is
known to induce osteopenia in rats, Ovx rats have
been often used as an animal model for post-me-
nopausal osteoporosis (3, 4). At present, it is possible
to prevent menopause-related accelerated bone loss
with a variety of agents such as estrogen, CT and so-
me forms of biphosphonate (5).
Estrogen deficiency plays a significant role in the
regulation of calcitonin (CT) production and secretion.
Numerous authors demonstrated decreased concen-
trations of circulating CT after Ovx in the rats and
women in early menopause (6’9). Isaia et al. (10) ob-
served no response of CT secretion to calcium infu-
sions to premanopausal women one year after oopho-
rectomy. However, this response to calcium infusions
was significant one year after estrogen-progestogen
treatment. On the other hand, Tiegs et al. (11) showed
that basal CT concentrations in the blood sera were
significantly higher in postmenopausal women with
osteoporosis than in healthy controls and concluded
that postmenopausal osteoporosis is not associated
with CT deficiency. 
The C cells are target organs for estrogen as sug-
gested by Naveh-Many et al. (12) and 17b estradiol,
given to ovariectomized rats, led to a 4-fold increase in
CT mRNA level. This could be interpreted as a direct
effect of estrogen deficiency on CT secretion. How-
ever, Frolich et al. (13) detected no estrogen receptors
in normal and malignant C cells. The changes of C
cells after Ovx could be also the result of an indirect
effect. The presence of CT and CT like peptides in
some regions of human and rat brain including the
hypothalamus and the anterior pituitary gland, sug-
gest a physiological role for CT-like products in these
tissues (14, 15). Li and Shah (16) showed that Ovx
induced a large increase in pituitary CT secretion.
Shah et al. (17) observed a dramatic increase of serum
prolactin (PRL) level in Ovx rats after i.v. CT adminis-
tration and a significant increase in PRL release from
cultured anterior pituitary cells. 
CT secretion may also be regulated by thyroid
hormones and administration of T4 was shown to lead
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to a decrease in the basal level of plasma CT in Ovx
rats (18). Besides, Body et al. (19) observed a decre-
ased plasma level of CT in hypothyroid patients. 
The volume density of C cells in castrated pigs
was significantly increased as compared to the corre-
sponding controls and at the same time a decrease in
the number of C cells accompanied by the reduction
of the volume density in estradiol- and progesterone-
treated pigs was observed (20). However, Sakai et al.
(9) reported that estrogen deficiency provoked by Ovx
led to a decrease in the number of rat thyroid C cells
and the number of secretory granules in these cells, as
well as in the area occupied by the Golgi complex. 
All these data prompted us to examine immuno-
cytochemical, morphometric and biochemical changes
of thyroid C cell under conditions of of sex steroid de-
ficiency provoked by Ovx in order to estimate whether
the structure and function of these cells is disturbed. 
Material and Methods
Animals
Female Wistar 3-month-old rats, maintained at a
12/12 light-dark cycle and 22“2 °C with free access to
food and water, were useed. The animals, bred at the
Institute for Biological Research, Belgrade, were hu-
manly treated according to the regulations of this insti-
tution. They were ovariectomized by abdominal inci-
sion under light nembutal anesthesia (Ovx). One
month after the gonadectomy the ras were i.p. injec-
ted with sterile olive oil once a day except on Sunday
for 4 weeks. Intact controls were treated with olive oil
by the same schedule. All rats were killed two months
upon the surgery under ether anesthesia 24 h after the
last injection. Blood was collected from individual ani-
mals and sera prepared. The sera were stored at ’70 °C
until assayed for CT level.
Immunohistochemical studies
The thyroid glands together with a portion of the
adjoining trachea and esophagus were immediately
excised. The tissue samples were fixed in Bouin's solu-
tion at room temperature for 48 h, embedded in paraf-
fin and serially sectioned at 5 µm on gelatine-coaled
slides. For localization of CT in the C cells, the peroxi-
dase-antiperoxidase (PAP) method was applied (21).
Morphometry
The sections of thyroid glands with specificially la-
belled C cells were stereologically analyzed by simple
point counting (22). The mean volume of the cyto-
plasm and the nuclei of the C cells and numerical den-
sity of nuclear profiles of these cells were determined
with the multipurpose test system M42 (22) using 50
test areas and 1000×magnification. Numerical density
of the C cells nuclei/mm3 (and thus of the cells) was de-
termined according to the formula of Weibel and Go-
mez (22). The shape coefficient b was assumed to be
1.382 for the C cell nuclei (22). Subsequently, relative
volume densities of CT-positive cells expressed as a
percentage of total thyroid gland tissue were calculated.
Also, immunoreactive C cells were counted in all sec-
tions and the average number of C cells/mm2 was cal-
culated.
Hormone assay
CT content in the sera was determined by a CT
RIA kit, using goat antiserum to synthetic human CT
and synthetic human CT for standard and tracer (Di-
agnostic System Laboratories, Webster, USA). The
intra- and interassay coefficients of variation for serum
CT were 7.1% and 10.6%, respectively, and the refer-
ence interval 0’ 42 pmol/L.
Statistical analysis
All morphometric and biochemical data for each
rat were averaged per group and SEM was calculated.
The significance of the differences was evaluated by
Student's t-test.
Results
Effect of Ovx on body weight
The data on body-weight before and after Ovx
are summarized in Table I. As seen, Ovx led to a sig-
nificant increase in body weight (21%; p<0.005) in
comparison with the controls.
Morphometric findings
In the Ovx rats, significantly decreased cell volu-
mes (13%; p<0.005) and increased C cell number per
mm2 (59%; p<0.001) (Figure 1a,d) in comparison
with controls were found. No statistically significant
differences of nuclear volume and relative volume den-
sities of the C cells of Ovx rats in comparison with the
corresponding controls were observed (Figure 1b, c). 
Immunohistochemical findings
Control thyroid C cells immunostained positively
for CT had granular DAB deposits in the cytoplasm.
Positively stained C cells were brown in color while co-
unterstained nuclei were blue. CT reactive cells were wi-
dely scattered in the interfollicular and parafollicular
areas in clusters or singly. They were oval or polygonal
in shape and never faced the follicular lumen (Figure
2). The C cells of Ovx rats were numerous, smaller and
the cytoplasm contained darker granular immunoreac-
tive products when compared to C cells of the controls
(Figure 3). 
Serum parameter
Ovx resulted in a reduction of serum CT (by 45%)
in comparison with the corresponding control values
(Figure 4). 
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b.w. Before Ovx (g)
232 “ 11
** P<0.005
b.w. After Ovx (g)
281 “ 8 (21%) **
Table I    Effects of Ovx on body weight (b.w.) of adults
female rats. The results are means “ SEM (n=18)
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Figure 2.   Thyroid C cells of a control female rat.
Immunoperoxidase staining specific for calcitonin.
(Objective magnification 40×).
Figure 3.   A marked increase in immunoreactivity 
for calcitonin in the C cells of Ovx female rats.
Immunoperoxidase staining specific for calcitonin.
(Objective magnification 40×).
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Figure 4.   Changes in serum level of calcitonin (CT) 
in control (C) and ovariectomized (Ovx) rats.
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Figure 1.   a) Cellular (Vc) volume (mm3) of the 
immunoreactive C cells. b) Nuclear (Vn) volume (mm3) of
C cells. c) Relative volume density (Vv) of C cells expressed
in % of total gland tissue. d) Mean number (No) per mm2
of C cells. C ’ control, Ovx ’ ovariectomized rats. All values
are the means “ SEM, ** p<0.005, *** p<0.001.
Discussion
Since the role of gonadal steroids and their interre-
lation with calcium-regulating hormones is still unclear,
numerous studies were devoted to investigations on
the effect of gonadectomy on the CT, especially in hu-
man medicine after bilateral oophorectomy. The an-
swer to the question, whether estrogen deficiency plays
a significant role in the regulation of CT production and
secretion may be of a great importance in explaining
the pathogenesis of hypoestrogenic osteoporosis. 
Ovx rats have been frequently used as a model
for postmenopausal osteoporosis and replacement
therapy with estrogen or its analogs to prevent bone
loss. Ovx induced in rats a strong increase in bone
resorption as a result of increased number of osteo-
clasts along the trabecular bone surface and plasma
osteocalcin concentration. Also, Ovx was shown to
cause a marked reduction of serum estradiol, serum
alkaline phosphatase, a decrease in bone density,
serum CT and Ca levels (3, 4, 23, 24). On the other
hand, Garner et al. (25) found that the removal of the
ovaries from the lactating rats does not significantly
affect lactation and does not lead to the loss of bone
mass. Since the level of plasma CT is influenced by
gonadal steroid hormones, the aim of the present
study was to examine how deficiency of sex steroids
after Ovx affects the structure and function thyroid C
cells. Our results showed that body weight gain of Ovx
rats was significantly higher comparing to the controls,
while CT secretion was diminished. This is in accor-
dance with the data of several authors (26, 27). Basal
serum CT levels were markedly lower in Ovx than in
control rats, and estradiol alone or in combination with
progesterone prevented this decrease as shown by
Grauer et al. (8), Lu et al. (18) and Tsai et al. (28).
These authors also determined the CT content in thy-
roid glands of Ovx animals and observed no significant
differences between control, Ovx and estradiol-supple-
mented rats. This finding, however, does not exclude
a direct effect of estradiol deficiency on CT gene tran-
scription but it is unlikely that decreased CT gene tran-
scription accounts for a decreased CT secretion and
the mechanism of a possible direct effect of estradiol
deficiency on CT secretion is still a matter of debate. It
has been confirmed that the C-cells are targets for
estrogen, and Silver and Naveh-Many (29) suggested
that CT-gene is regulated by vitamin D and estrogens.
Taggert et al. (6) reported that estradiol deficiency,
such as that in menopausal women, leads to dimin-
ished basal serum CT levels. One year after oophorec-
tomy in premenopausal women no response of CT
secretion to Ca infusions was observed (10). This res-
ponse was evident only in oophorectomic women after
a year of estrogen-progestogen therapy (10). In other
reports CT levels measured in immunoextracted plas-
ma of postmenopausal women were not significantly
lower than those of agematched controls (11).
Similar to estrogen, androgen deficiency has also
been shown to play an influential role in the pathogen-
esis of osteoporosis in hypogonadal subjects but the
exact mechanism of its action is still unclear. Foresta
et al. (30) suggested that androgen influences bone
metabolism by regulating CT secretion. In the pigs ca-
strated on the first postnatal day, serum estradiol level
was significantly decreased during the first two weeks
of age and after that, approached control levels (31).
Our previous results showed that neonatal castration
of 1-day-old piglets influenced thyroid C cells mor-
phology. Volume densities of C cells were significantly
increased, while the number of these cells per unit area
was decreased. Also, a markedly developed lamellar
structure of GER with numerous attached ribosomes
and many mitochondria in the cytoplasm suggested
the stimulation of specific protein synthesis (20).
Besides the thyroid gland, some brain regions in-
cluding the hypothalamus and anterior pituitary gland
contain CT and CT-like peptides, suggesting a physi-
ological role of CT- like products in these tissues (14,
15). It is possible that CT plays an neuroendocrine role
and thus the changes of C cells under conditions of
sex steroid deficiency provoked by Ovx could be the
result of an indirect effect on C cells. According to Li
and Shah (16), Ovx induced a large increase in CT-like
immunoreactive peptide secretion synthesized by the
anterior pituitary. CT given i.v. to Ovx rats acted stim-
ulating PRL release from primary anterior pituitary
cells and leading to a dramatic increase in serum PRL
level, as shown by Shah et al. (17). The results of Lu et
al. (18) suggest a possibility of paracrine interaction
between the function of C cells and thyroid follicular
cells, because the administration of T4 decreased the
basal levels of plasma CT in Ovx rats.
Our experimental model of the Ovx rat has been
used to study the relationship between estradiol defi-
ciency and thyroid C cells structure and function. A de-
crease in the volume of C cells and the level of serum
CT concentration by 45% in Ovx rats as compared to
the controls observed in the present study clearly sug-
gests certain disturbances in the structure and an inhi-
bition of the function of these cells. On the other hand,
the number of these cells in Ovx rats was increased in
comparison with the controls. Sakai et al. (9) recently
demonstrated that the lack of estrogen provoked by
Ovx decreased the number of C cells, as well as the
number of secretory granules within these cells and in
the area occupied by the Golgi complex what is the
sign of reduced synthesis and release of CT. 
Based on the results obtained throughout the
present study, it can be concluded that deficiency of
sex steroids provoked by Ovx results in inhibition of CT
synthesis and secretion by thyroid C cells. Whether
this effect of estrogen deficiency is direct or indirect
one and what is the exact mechanism involved in the
above processes remains to be elucidated. 
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